Stoichiometric mixing of the segmental ligand 2-{6-[N,N-diethylcarboxamido]pyridin-2-yl}-1,1Ј-dimethyl-5,5Ј-methylene-2Ј-(5-methylpyridin-2-yl)bis[1H-benzimidazole] (L) with Ln(CF 3 SO 3 ) 3 (Ln = La-Lu) and Cr(CF 3 SO 3 ) 2 under an inert atmosphere produces quantitatively the self-assembled triple-stranded non-covalent podates 
), elemental analyses (Table S2) , least-squares plane and structural data for [LnCr III -(L) 3 ](CF 3 SO 3 ) 6 (CH 3 CN) 4 (Ln = Eu, 7; Ln = Lu, 8; Tables S3-S7) , geometrical analysis of the triple helix (Table S8) , integrated emission intensities (Table S9) ; figures showing projection of the unit cell of 8 ( Fig. S1) , superposition of the molecular structures of 7 and 8 ( Fig. S2 ) and emission spectra and lifetimes for GdCr and TbCr complexes ( Fig. S3-S5 ). See http://www.rsc.org/suppdata/dt/b2/b200011c/ successfully used as precursors for preparing discrete 
6
From the point of view of electronic structures and optical properties, Cr III is a fascinating partner because its first excited state, 2 E g , is poorly sensitive to crystal-field effects ((t 2g ) 3 electronic configuration), but it possesses a spin multiplicity different from that of the ground state ( 4 A 2g ), thus leading to longlived luminescence at low temperature with only minor Stokes shifts. 7 On the other hand, the first spin-allowed transition to the 4 T 2g state ((t 2g ) 2 e g configuration) is very sensitive to ligandfield effects and the relative energies of the excited 4 T 2g and 2 E g states can be tuned by judicious ligand design and/or by the application of external pressure. 8 transfers in which Cr III acts as an acceptor. 9 The combination of spectroscopically active Ln III ions with Cr III thus opens new perspectives for directional light-conversion in organized discrete self-assembled metallosupramolecular architectures provided that kinetic inertness is overcome during the complete exploration of the energy hypersurface leading to the thermodynamically most stable, defect-free and self-healing assembly. Stoichiometric mixing of L (3 equiv.), Cr(CF 3 SO 3 ) 2 ؒ13H 2 O (1 equiv.) and Ln(CF 3 SO 3 ) 3 ؒnH 2 O (1 equiv., n = 3-6, Ln = La, Eu, Gd, Tb, Tm, Lu) in degassed acetonitrile provides deep green solutions whose absorption spectra are diagnostic for low-spin Cr II in trigonally distorted pseudo-octahedral environments constituted of three wrapped bidentate heterocyclic α,αЈ-di-imine ligands (Table 1, Fig. 2 ).
14, 15 The two intense transitions at low energies can be assigned to LMCT by comparison with those found for [Cr(bipy) 3 ] 2ϩ in methanol (8700 cm
) and 9900 cm Ϫ1 (ε = 2900 M Ϫ1 cm Ϫ1 )).
14
The series of poorly resolved bands in the range 11000-24000 cm Ϫ1 correspond to overlapping d-d transitions possessing significant CT character and whose tentative assignments are given in Table 1 (Fig. 3a) . (Table S2 , ESI) and the IR spectra display the bands characteristic of the coordinated ligands (ν C᎐ ᎐ O and ν C᎐ ᎐ N in the 1600-1450 cm Ϫ1 range), 16 together with vibrations typical of ionic triflates. 23 X-Ray quality prisms have been obtained by slow diffusion of diethyl ether into concentrated acetonitrile solutions of 2 (Ln = Eu) and 6 (Ln = Lu). The crystal structures of 7 and 8 consist of discrete cations
Crystal and molecular structures of (HHH)-[LnCrL 3 ](CF
, six uncoordinated triflate anions and four solvent molecules. The two complexes are isostructural and the discussion is focused on 8; comparisons with data obtained for 7 being presented when necessary. The atomic numbering scheme is presented in Fig. 4 . 24 The chromium and lutetium metals define a pseudo-C 3 axis about which three ligand strands are helically wrapped in a headto-head-to-head arrangement, to give the triple-helical cation 
78.0(1) 78.8 (1) ion, but the increases of the M-N bond distances observed when going from Co-N(bzim) to Co-N(py) is maintained for M = Cr (average Cr-N(bzim) = 2.020(4) Å, average Cr-N(py) = 2.073 (5) (Table 3 and Tables S6 and S7,  ESI) .
For the three complexes, we observe no significant deviation from the pseudo-axial C 3 symmetry as measured by = 178-180Њ which lies close to the ideal value of 180Њ for a perfect octahedron. The flattening along the pseudo-C 3 axis is significant (θ i = 57-61Њ compared to 54.7Њ for a perfect octahedron) and can be traced back to the structural restriction imposed by the fixed bite angles of semi-rigid chelating bipyridine or pyridylbenzimidazole binding units. 26 , ω i = 49Њ significantly deviates from the octahedron (ω i = 60Њ) toward a trigonal prism (
, the connection to the second metallic site and/or the replacement of a pyridine ring 
a For the definition of , θ i and ω i , see Fig. 6 . 26 The error in the angles is a maximum of 1Њ.
direction onto a perpendicular plane passing through the metal.
with a benzimidazole unit slightly reduces this distortion (aver- 
27
The triple-helical cations [LuCr
6ϩ are oriented in the crystal with their pseudo-C 3 axis roughly aligned with the a direction (5.7Њ) and packed into columns in a pseudo-hexagonal arrangement. Within each column, the Ln-Cr orientations and the screw sense are identical and the intermolecular Ln ؒ ؒ ؒ Cr distance between two packed helices amounts to 13.018(1) Å. The triflate anions and solvent molecules occupy the interstices between the columns (Fig. S1, ESI) .
Since (Table 2) 
24
Finally the Eu ؒ ؒ ؒ Cr distance (9.3238(8) Å) only marginally deviates from that found for 8 in agreement with a rather rigid organisation of the ligand strands in the final complexes. (Ln = La, Eu, Gd, Tb, Lu) in solution (Table 1) . Interestingly, the Eu-complex 2 exhibits a broad shoulder around 25000 cm
Photophysical properties of [LnCr

Ϫ1
which is absent in the Gd (3) and Tb (4) ), 16 we conclude that efficient L Cr III energy transfer processes channel the electronic energy toward the lowest emitting 2 E state. The characteristic Cr( 2 E) lifetime does not depend on the excitation wavelength and it is rather long (3.3-3.6 ms at 10 K, Table 4 ) pointing to only minor non-radiative processes affecting the Cr III -centred emission in [GdCrL 3 ] 6ϩ at 10 K. However, the intensity of the Cr( 2 E) emission dramatically decreases with increasing temperature (Fig. S5, ESI) and the associated lifetime observed at 295 K (0.2-0.3 ms) involves the existence of thermally-activated non-radiative vibrational quenching processes combined with energy migration processes as previously reported for Cr III -containing coordination networks in which a temperature of 1.5 K is required to 'freeze' such processes. 31 As the maximum of the emission band shifts from 13301 cm Ϫ1 at 10 K to 13347 cm Ϫ1 at 295 K (Fig. S3, ESI) , we suspect that the long-lived luminescence observed at low temperature and originating from isolated pseudo-octahedral CrN 6 chromophores in [GdCrL 3 ] 6ϩ is mainly quenched at room temperature leading to a faint residual emission arising from crystal defects or 'killer sites' produced by minor photochemical degradation.
7
Finally, the excitation spectrum of 3 at 10 K recorded upon monitoring the 2 E 4 A 2 transition shows a broad band covering the 19450-22270 cm Ϫ1 spectral range and assigned to the 4 A 2 4 T 2 transition (mixed with CT transitions) previously observed in the absorption spectra (Table 1) . Unfortunately, the 2nd order Rayleigh band prevents detection of the excitation profile arising from the ligand-centred 1 ππ* state. 4 
Eu
(7)
Upon excitation through the ligand-centred 1 ππ* state at 28329 cm Ϫ1 or selective laser excitation of the Eu-centred (Fig. 8) (Fig. 7 ). Parallel studies with single crystals of 7 display similar trends at 10 K, but the Eu-centred emission dominates spectra at room temperature (94-99% of the total intensity) in agreement with our hypothesis that crystal defects are responsible for the observation of residual Cr-centred luminescence at room temperature. We indeed expect that the probability of crystal defects is larger for 2 because the removal of acetonitrile molecules from 7 and their replacement by water molecules in 2 destroy the single crystals and produce amorphous materials.
The high-resolution excitation profile of the ) of Cr III quencher. We calculate η = 70(4)% for the anhydrous crystals and η = 73(4)% for the complexes containing interstitial water molecules at 10 K. Modelling the Eu Cr energy transfer with a pure dipole-dipole mechanism (eqn. (1)) is reasonable according to the large Eu ؒ ؒ ؒ Cr distance measured in the crystal of 7 (R = 9.32 Å) and the minute expansion of the 4f orbitals.
33,35,36
The critical distance for 50% energy transfer amounts to R 0 ≈ 10.8 Å for the Eu/Cr pair in complexes 2 or 7 at 10 K. Identical calculations using lifetimes obtained at 295 K (0.59 (1) 
replaces
6ϩ in the solid state. Lifetime measurements confirm this trend and we calculate η = 1 Ϫ (τ/τ 0 ) = 0.70(4) in solution with τ = 0.87 (4) (Fig. 7) . Since no Tb-centred emission is detected in 4, no Tb( 5 D 4 ) lifetime is accessible and R 0 (TbCr) cannot be calculated for the dipole-dipolar mechanism. However, a minimum value R 0 (TbCr) ≥ 20.1 Å can be estimated from eqn. (1) when using η ≥ 99% and R = 9.3238 Å (the Eu ؒ ؒ ؒ Cr distance measured in the crystal of 7). 
3ϩ are non-emissive upon UV-irradiation (Fig. 9b) in which Cr II is pseudo-octahedrally coordinated by three pyridylbenzimidazole units unambiguously demonstrates the potential of this approach. The easy oxidative postmodification process maintains the integrity of the chromium coordination sphere and this two-step self-assembly of (HHH)- Ϫ4 mol dm Ϫ3 , acetonitrile; the dashed line is only a guide for the eye). 40 The extreme inertness of the latter tripod is currently investigated for performing chiral resolution of lanthanide-containing triplehelical complexes.
Experimental Solvents and starting materials
These were purchased from Fluka AG (Buchs, Switzerland) and used without further purification unless otherwise stated. (Table  S2 , ESI). X-Ray quality prisms of 7 and 8 were obtained by slow diffusion of diethyl ether into concentrated acetonitrile solutions of 2 (Ln = Eu) and 6 (Ln = Lu), respectively. A summary of the crystal data, intensity measurements and structure refinements are reported in Table 7 . Data were corrected for LP effects and for absorption. The structures were solved by direct methods using MULTAN 87; 42 all other calculations used XTAL 43 and ORTEP II 44 programs. The hydrogen atoms of the methyl groups were refined with restraints on bond distances and bond angles and blocked during the last cycles. The other H-atoms were placed in calculated positions and contributed to F c calculations. For 7, the methyl C30b and 
Preparation of [CrL
Spectroscopic measurements
Electronic spectra in the UV-Vis were recorded at 20 ЊC from 10 Ϫ3 mol dm Ϫ3 solutions in MeCN with a Perkin-Elmer Lambda 900 spectrometer using quartz cells of 0.1 and 0.01 cm path length. IR spectra were obtained from KBr pellets with a Perkin-Elmer 883 spectrometer.
1 H NMR spectra were recorded at 25 ЊC on a Broadband Varian Gemini 300 spectrometer. Chemical shifts are given in ppm vs. TMS. Pneumatically-assisted electrospray (ESI-MS) mass spectra were recorded from 10 Ϫ4 mol dm Ϫ3 acetonitrile solutions on API III and API 365 tandem mass spectrometers (PE Sciex) by infusion at 4-10 µl min Ϫ1 . The spectra were recorded under low up-front declustering or collision induced dissociation (CID) conditions, typically ∆V = 0-30 V between the orifice and the first quadrupole of the spectrometer. The experimental procedures for high-resolution, laser-excited luminescence measurements have been published previously. 45 Solid state samples were finely powdered and low-temperature (295-10 K) was achieved by means of a Cryodyne Model 22 closed-cycle refrigerator from CTI Cryogenics. Luminescence spectra were corrected for the instrumental function, but not excitation spectra. Lifetimes are averages of at least 3-5 independent determinations and were measured using excitation provided by a Quantum Brillant Nd:YAG laser equipped with frequency doubler, tripler and quadrupler as well as with an OPOTEK MagicPrism OPO crystal. Ligand excitation and emission spectra, as well as quantum yields were recorded on a Perkin-Elmer LS-50B spectrometer equipped for low-temperature measurements. The quantum yields Φ have been calculated using the equation Φ x /Φ r = A r (ν˜)I r (ν˜)n 2 x D x /A x (ν˜)I x (ν˜)n 2 r D r , where x refers to the sample and r to the reference; A is the absorbance, ν˜ the excitation wavenumber used, I the intensity of the excitation light at this energy, n the refractive index and D the integrated emitted intensity. [Eu(terpy) 3 ](ClO 4 ) 3 (Φ = 1.3%, acetonitrile, 10 Ϫ3 mol dm Ϫ3 ) and [Tb(terpy) 3 ](ClO 4 ) 3 (Φ = 4.7%, acetonitrile, 10 Ϫ3 mol dm Ϫ3 ) were used as references for the determination of quantum yields of respectively Eu-and Tb-containing samples.
29,46
Elemental analyses were performed by Dr H. Eder from the microchemical Laboratory of the University of Geneva.
